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Executive Summary

I ntroduction

The ability to monitor the atmosphere of the International Space Station (1SS) is crucial

to managing health risks and, ultimately, to mission success. Air monitoring in the space
environment poses numerous technical challenges above and beyond those that are related to
ground-based systems. Addressing these challenges is not new to NASA; NASA has significant
experience with spacecraft air pollutant monitoring and several previous studies have evaluated
the strengths and weaknesses of various approaches to air monitoring. However, given techno-
logical advancements, it is important to build upon lessons learned and to continue to seek

out new approaches that can improve our ability to assess spacecraft habitability.

To achieve this, a Request for Information (RFI) for the ISS On-Board Environmental
Monitoring Systems was released by NASA on August 9, 2003, with cooperative support
provided by the ISS Program Office, Advanced Human Support Technology Group, and Tox-
icology Group at the Johnson Space Center. The purpose of the RFI was to identify next- gener-
ation environmental monitoring systems with demonstrated ability or potential to meet defined
requirements for systems to evaluate air and water quality on board the ISS. This report summar-
izes the submission and analysis of proposed solutions designed to improve on the functionality
of the existing volatile organic analyzer (VOA). The VOA isresponsible for analysis of awide
range of volatile organic compounds that may be present in the ISS atmosphere. Experience with
the existing VOA on I SS encompasses both success and failures, and NASA is using the RFI
process to investigate new technologies that may improve upon existing capabilities. Ideally,
areplacement for the VOA would be deployed in conjunction withthe delivery of the Node 3
regenerative environmental control and life support system (ECLSS) currently scheduled for
delivery to the Station in November 2007.

Summary of Requirements

Proposed systems and component technologies were developed to meet several technical
requirements in addition to a prioritized set of goalsto be considered as potentia solutions. A
brief summary of these is provided below.

Technical Requirements — The replacement system should:

Fit within the current VOA footprint within the crew health care system rack.

Detect and quantify a major percentage of targeted air contaminants.

Operate in a spacecraft environment in a possibly highly contaminated atmosphere.
Demonstrate acceptable instrument characteristics for linearity, rapid analysis time, rapid
analysis cycle time, and low mass, volume, and power requirements.

Demonstrate required instrument maintenance properties, including infrequent calibration and
maintenance intervals and minimal use of resources.

Review Panel Approach

NASA received 10 submittals in response to the air portion of the RFI. A 16-member air quality
review panel consisting of eight external air quality experts and eight NASA relevancy experts



(1SS Office, ECLSS, Toxicology) met on October 21 and 22, 2003, to review and score the air-
only and air portion of the combined air-water system submittals. Presentations made by repre-
sentatives of each entity that submitted a response to the RFI were followed by a question-and-
answer session and panel deliberation. Scoring was accomplished through the use of technology
assessment metric sheets (see Appendix) that enabled the rating of many specific aspects of each
technology on a four-point system. Individual characteristics and/or system requirements were
grouped and scored using the following topic areas of the scoring metric:

Operation in a spacecraft environment
Instrument characteristics

System characteristics

Compounds

Instrument maintainability

Scores were given for both “demonstrated” and “potential” system performance wherever
possible. One of the 10 proposed systems was reviewed but was not given a quantitative score
for either category because the submitter was unable to attend the meeting and there was no
supporting information.

Results

The following table presents the individual parameter and final total combined scores for

each presenter/vendor who submitted a package in response to the RFI (only demonstrated sys-
tem performance was considered in scoring). Although efforts were made to be as discriminating
as possible in the scoring, a small difference in scores for any two vendors does not necessarily
mean that one system is clearly superior to the other.

Space | JPL- | Star | JPL- : Smiths | Ol
Vendor ESTEC | Bruker Dynam | House. | Instr. | Chut Boeing Detec. | Analy.
Operation in
Spacecraft 14.0 12 * 130 | 135 | 135| 135 | 150 *
Environment
g‘ﬁarr‘;rcrt‘:r”itsucs 155 21 * 190 | 200| 230| 155 | 19.0 *
?E\Z:rejazteri gics | 130 10 * 1120 | 100| 95| 105 | 115 *
Compounds
(double 185 13 * 175 | 165 | 170 | 175 | 180 *
weighting)

Instrument 12.0 8 * 85 | 80| 95| 85 | 100 *
Maintainability
Ei?g]bggfe 915 77 * 865 | 845 | 895| 830 | 915 *

* Although scores for technology potential were given, panelists did not feel that sufficient information was available to
provide ademonstrated score.




Conclusions

It isdifficult for any single monitoring system to excel in al five parameter areas as

specified by NASA, and it may be necessary for NASA to prioritize requirements to fit a

new system into available resources and schedule. Each system has individual strengths and
weaknesses that must be critically evaluated in developing the next generation of 1SS air mont
itoring. Given the range of compounds potentially present in the spacecraft environment,
required detection limits, the remoteness of the monitoring, and limitations on system

design and support, air monitoring in the ISS environment is extremely challenging.

The wide range of chemical classes represented on the NASA priority lists, along with their
required detection limits, posed difficulties for most of the systems. This conclusion generally
held across all proposed technologies, athough some technol ogies performed better than
others in terms of achieving required detection limits. As might be expected, the bigger

and more complex systems generally had greater capabilities.

A wide variety of detectors and technologies was proposed in response to the NASA RFI.
While some analytical techniques had critical weaknesses that might limit their ability to pro-
vide a comprehensive solution, it should be noted that no specific technology was identified as
clearly superior for ISS purposes. In fact, the two highest scoring systems used very different
analytical technologies, with the European Space Research and Technology Center (ESTEC)
Fourier transform infrared technology and the gas chromatography/ion mobility spectrometry
system proposed by Smiths Detection offering specific advantages and disadvantages. This
observation is positive in that it does not appear that a“single path” exists that might limit
technologies that can be used in designing the next generation of ISS air monitoring. Given
uncertainties and limitations, it may be prudent for NASA to pursue at least two differert
technologies in the first phase of testing for any VOA replacement.

Since final scoring was only based on “demonstrated” parameter scores, a distinguishing
factor among proposed systems was the ability of presenters to actually demonstrate that their
systems can achieve NASA requirements. Some proposed systems were still early in develop-
ment and, therefore, lacked real data on required compounds or the structural and functional
demands of the system. Some of the systems may still hold long-term promise, even though
more development is needed.

System design that evidences an appreciation for the difficulties of monitoring in a

space environment was another distinguishing factor. Some presenters clearly understood

the challenges of ISS monitoring and integrated those considerations into their system design.
However, some presented system elements (e.g., Size, power requirements) did not anticipate
the practical demands of monitoring on board the ISS.

The panel, in recognizing the benefits of drawing from individual strengths, envisions that the
next generation of air monitoring on board the 1SS might include a synthesis of several of the
proposed systems. Regardless of the final combined score, the panel found areas of technical
ingenuity in each of the presentations — with some of the systems complementing each other
especidly in terms of offsetting strengths and weaknesses. This type of system integration
may ultimately best address the challenges facing NASA in improving air monitoring
capabilities on board the ISS.
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1. Introduction

Monitoring of air pollutantsis critical to ensuring the health of the crew on board the
International Space Station (ISS) and, ultimately, to mission success. However, monitoring the
| SS atmosphere poses numerous technical challenges, including hardware size limitations, re-
strictions on use of potentially hazardous reagents/carriers, microgravity considerations, the
overall remoteness of the monitoring operations, and other factors unique to the spacecraft
environment.

NASA has significant experience in addressing these air monitoring challenges and has been
very active in evaluating the state-of-the-science to ensure that the best available technical re-
sources are being used to monitor air in spacecraft. Over the past several decades, NASA has
conducted or commissioned several studies designed to evaluate emerging technol ogies that
might be used to improve spacecraft air monitoring capabilities. These include

1986 “Evaluation of Approaches to Space Based Environmental Monitoring” (prepared by

L ockheed)

1992 “ Spacecraft Trace Contaminant Monitor (TCM) Evaluation of Concepts’ (prepared by
McDonnell Douglas, ADL reference no. 67681)

1998 “Expert Panel Review of Analytical Technologies Suitable for a Second-Generation Air
Quality Instrument for the International Space Station” (JSC 28254).

These evaluations highlighted the challenges posed by spacecraft monitoring, the strengths and
weaknesses of proposed technologies, and the tradeoffs that are often required when devel oping
asuitable air monitoring system. Although each of the evaluations provided useful information,
the rate of technological advancement together with new experiences and challenges on board
the ISS require that NASA continues to seek out new approaches and/or advancementsin air
monitoring. This necessity is heightened as NASA considers longer duration missions on the
ISS and crewed missions to the Moon, Mars, and beyond.

Commensurate with these efforts, the 1SS Program Office, Advanced Human Support Technology,
and Toxicology Group at NASA Johnson Space Center released a Request for Information (RFI)
on August 9, 2003. The purpose of the RFI was to seek out new technologies and solutions that
can address these technical challenges and help in providing the next generation of air analysis
on board the ISS. NASA currently has a volatile organics analyzer (VOA) on board the ISS that
is designed to characterize ISS air quality with respect to arelatively broad range of targeted vol-
atile organic compounds (VOCs). NASA hopes to build on existing air monitoring capabilities
and provide an improved tool for reliably characterizing the habitability of the ISS environment.
The RFI described the on-board VOA and provided information on certain system requirements
that should be anticipated by vendors interested in responding to the RFI. These requirements
include:

Fitting within the current VOA footprint in the crew health care system rack
Detecting and quantifying a significant percentage of identified compounds of concern
Operating within a spacecraft environment in a possibly contaminated atmosphere



Specified instrument characteristics (e.g., linearity, analysis time)
Desirable instrument maintenance properties (e.g., required calibration intervals)

The RFI aso described the following four prioritized goals for the development of a VOA
replacement system:

Elimination or reduction of the use of hazardous substances

Reduction in logistics costs

Improved contaminant detection and quantification

Volume and mass properties reductionsinto a33.5" 19" 10.5in. footprint

El AN o

A particular focus of the RFI was the listing of specific air pollutants prioritized into three
categories along with targeted minimum detection limits (Table 1). It is important to recognize
that although a proposed system may be able to demonstrate these detection limits in a controlled
setting, the complexity of monitoring in the ISS environment may result in poorer system
performance than anticipated.

Table 1. Targeted Compoundsfor Air Quality Monitoring
Specified in the RFI

Compounds | Minimum Detection Limit
Priority 1

Ethanol 10.0 parts per million (ppm)
Acetaldehyde 0.1 ppm
Acetone 1.0 ppm
Dichloromethane 0.03 ppm
Formaldehyde 0.01 ppm
Ammonia 1.0 ppm
M ethanol 0.2 ppm
Octamethylcyclotetrasiloxane 0.05 ppm
Hexamethylcyclotrisiloxane 0.1 ppm
Propylene glycol 0.5 ppm
Perfluoropropane 10.0 ppm
Priority 2

1-Butanol 0.5 ppm
2-Ethoxyethanol 0.1 ppm
Benzene 0.01 ppm
Acrolein 0.01 ppm
C5-C7 Alkanes 2.0 ppm
Decamethylcyclopentasiloxane 0.1 ppm
C3-C8 diphatic sat. aldehyde 0.1 ppm
Ethyl benzene 1.0 ppm
2-Propanal 3.0 ppm
Ethylene (plants) 0.05 ppm
Freon 113 2.0 ppm




Compounds Minimum Detection Limit
Furan 0.01 ppm
Toluene 1.0 ppm
Xylenes 2.0 ppm
Priority 3

1,2-dichloroethane 0.01 ppm
Alkyl amines 0.5 ppm
4-Methyl-2- pentanone 2.0 ppm
Carbonyl Sulfide 0.01 ppm
Chloroform 0.02 ppm
Diacetone Alcohoal 0.2 ppm
Freon 11 2.0 ppm
Freon 12 2.0 ppm

| soprene 0.05 ppm
Limonene 1.0 ppm
Trimethylsilanol 0.5 ppm
Vinyl Chloride 0.05 ppm

NASA, in response to the RFI, received 10 submission packets that addressed air monitoring
(either air only or combined air-water systems). In October 2003, a 16- member panel of subject
matter experts was assembled to review information submitted in response to this RFI. Half of
the panelists were external to NASA, while the remainder represented internal NASA experts
from several different program areas (e.g., Environmental Control and Life Support System,
Toxicology). Thisair quality review panel was asked to provide critical review and feedback to
NASA on the merits of the proposed air monitoring systems. This document is intended to des
cribe the methodology applied by the panel in its analysis and to present the panel results and
recommendations. It should be noted that a ssimilar panel was convened to address water moni-
toring on board the ISS, as this was also a focus of the RFI. Although some presenters responded
to the RFI with joint air and water monitoring proposals, the discussion presented in this docu
ment is specific to the air sections of any joint proposal.

2. Structure of the Panel Review

The charge to the panel was to examine presently available technologies and to rate those
technologies in terms of their ability to meet requirements and prioritized goals for the next-
generation analyzer on board the ISS. As requested in the RFI, the presenters of each technology
provided abstracts or other preliminary information before the meeting. This information was
distributed and evaluated by the panelists prior to their convening on October 21-22, 2003.

The meeting began with an overview of the status of air monitoring on board the 1SS and the
NASA considerations and/or requirements that are pertinent to air monitoring. Subsequently, the
responding vendors were each given approximately 45 minutes to describe their proposed moni-
toring system. At the end of each presentation, panelists asked for additional information or nec-
essary clarification on the proposal. If a panel member has or had a strong commercial relation

10



ship with a vendor, that panel member was excused from both the question-and-answer session
and the panel deliberation for that particular vendor.

2.1 Summary of Scoring Approach

Panelists scored the concept using a technology assessment metric (see Appendix). This

metric was a modified version of the tool used in the 1998 panel review of spacecraft air quality
instrumentation. This 1998 toal, in turn, was based on the preliminary metric proposed in the
Advanced Environmental Monitoring and Control Program document “Technology Develop-
ment Requirements’ (JPL-D-13832). Thus, this scoring system has been successfully used
inprevious NASA efforts.

Each concept was scored based on consideration of specific system characteristics falling under
the genera parameters of (1) operations in spacecraft environment, (2) instrument characteristics,
(3) system characteristics, (4) compounds, and (5) instrument maintainability. Several specific
attributes are described under each of these parameters. For example, for the “system character-
istics’ parameter, four attributes are listed (“maturity,” “resources,” “environmental impact,” and
“complexity”). Refer to Table 2 for a complete listing of al attributes evaluated. Specific mission
requirements were provided for some of the most critical attributes to facilitate scoring. These
included requiremerts to operate within defined temperature and pressure ranges, limitations

on the mass, volume, and power of any proposed system, and other important considerations

for spacecraft monitoring.

Scores were summed across each individual attribute to arrive at the final parameter score.
Eachof the five parameter scores was weighted equally, with the exception of the “compounds”
parameter, which received double weighting because of its importance. For each vendor, two
categories of scores—“demonstrated” (D) and “potentia” (P) — were given by the panelists. The
“potential” category is fundamentally a panelist assessment of what the proposed system might
reasonably be able to achieve, abeit with certain conditions and/or modifications. Only the
“demonstrated” scores were used in determining final system scores given the subjectivity
inherent in the “potential” scoring.

3. Results of the Evaluation

All individual panel scores for both the demonstrated and potential categories are presented

in Table 2. The table is organized in the order in which the presentations appeared on the panel
agenda. Please note that only nine presenters/vendors appear on this table, although atotal of 10
responses to the RFI were received. This is because one responder (Microsensor Systems) was
unable to give a presentation, and their submission was not considered to be adequately
comprehensive to support quantitative scoring (although it was reviewed qudlitatively and is
addressed in the discussion section of this document). The presence of a“?’ as an entry indicates
that the panel did not fedl it had enough information to estimate the potential ability of the pro-
posed system for that particular characteristic. Also, note that “demonstrated” scores were not
recorded for several presenters. Although there was merit to these proposed systems, panelists
did not feel that enough information was provided to alow for a quantitative “ demonstrated”
scoring that could be fairly compared with the other presenters/vendors. All individual scores
were summed based on the weighting procedure described previously; these are presented in
Table 3. In the Appendix, individual technology assessment metrics specific to each presenter/

11



vendor are presented. All individual scores, aong with applicable panelist comments, are
included in these assessment sheets.
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Table 2. Summary of Ratings by the Air Quality Review Panel

Space JPL/ JPL/ - Smith Ol

Presenter/Vendor | Estec | Bruker | o0 Ihouse | S | chuta [ BN | Detect | Analytic
Analytical FTIR GC- FTIR- | GC-MS | GC-GC | GC-MS | Multiple | GC*- M ultisor
M ethodology GDA GC mag sec | (DIiDD) | Paul trp IMS? bGC

D P|ID|P|D|P|D|P|DJ|P|D P|ID|P|D|P|D| P
Operationin
Spacecr aft Environ.
Temperature 40 [40(40] 40 40(30(30(40[40(30]|30|30|30]|4.0]|40 4.0
Pressure 40 (40(40] 40 40(40(40(25[(35[(40|40|40|40]|4.0]| 4.0 4.0
Humidity 40 (40(30]| 40 30(40|40|40|40(40|4.0|4.0|40|40]| 40 3.0
Microgravity
compatible
Ability to performin 20 {30]10]| 30 30/20(30(30|40({25(30|25(30|30/|30 2.5
highly contaminated
atmosphere
I nstrument
Characteristics
Quantitation range 20 13020 30 30[(20|30|20|40(30|3.0|30|35|20]|30 ?
Anaysistime 40 {40(40]| 4.0 40|140|140(40|140(40(40|140|40]|35(40 4.0
Andytical cycletime 40 (40(40] 40 40140(40(40(40[(40]|40|40|40]|4.0]| 4.0 4.0
Mass 20 130140140 25(30[4.0]|40]|40|40{40|20|35|30]|40 3.0
Volume 15 120]30|40 25(120(30]30]|40|40{40|15|30|30]|40 3.0
Power 20 140140140 25(40(4.0]130]|40(40{40|1.0|30|35]|40 2.5
System
Characteristics
Maturity including 3513512030 ?120(30(25(40|25|35|25(30|30/|40 4.0
software
Resources 40 [40(30]| 30 30[(30|30|25|30|25|30|25]|30|30]|30 2.0
Environmental impact | 3.0 |3.0|3.0| 3.0 30/30({30(25|30(20(30(30|30|30]|30 3.0
Complexity 25 (2512020 10[(30(30]|25|25]|25|25(|25]|25|25]|25 15
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Space JPL/ JPL/ - Smith Ol
Presenter/Vendor | Estec | Bruker | o0 o 1 ouse | ¥ | chuTy | B | Detect | Analytic
Compounds
% Detectable Cat 1 25 130|25]30 30(25|30|25(30|25|25|25|35|30]|30 35
compounds at
specified limit
% Detectable Cat 2 30 [30(25]|30 30(30|30(|30(35(35|40|35|14.0|35]|35 35
and 3 compounds
at specified limit
Specificity in 251302530 30(30|30|25(35(25|30(25|35|30]|30 35
spacecraft atmosphere
—Cat 1l
Specificity in 251302530 30(30|30|25(35(25|30|30|40|35]|35 35
spacecraft atmosphere
—Cat2and 3
Accuracy (6 mo) 40 [40|20]| 25 30[30|40|30|40(30[40]30]|40]25]|35 4.0
Precision (over 40 [40(10]| 25 30(30|40|30(40|30({40|30|30|30]|40 4.0
1 month operation)
I nstrument
M aintainability
Cdibration interval 40 {40(10| 20 30|25|25(25|25(25(25]|25[30|30(35 2.0
(quantitative purposes)
Maintenance interval: 40 [40(30]| 30 30(30|30|25(30|30|30(|30|30|30]|30 2.0
minor - maor
ORUs and supplies 40 [40(40] 40 40(30(35(30(40({40]|40|30|30]|4.0]|4.0 4.0
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Table 3. Summary of Demonstrated Parameter Scoresand Total Vendor Scores

Vendor ESTEC Bruker Space JPL- Star JPL- Boeing Smiths 0]
Dynamics | Houseman | Ingtr. | Chutjian Detection | Analytical

Operation in 14.0 12.0 * 13.0 135 135 135 15.0 *

Spacecraft

Environment

Instrument 155 21.0 * 19.0 20.0 23.0 155 19.0 *

Characteristics

System 13.0 10.0 * 11.0 10.0 9.5 10.5 115 *

Characteristics

Compounds 185 13.0 * 17.5 16.5 17.0 17.5 18.0 *

(Double

Weighting)

I nstrument 12.0 8.0 * 85 8.0 9.5 85 10.0 *

Maintainability

Combined 91.5 77.0 * 86.5 84.5 89.5 83.0 91.5 *

Final Score

* Although scores for technology potential were given, panelists did not feel that sufficient information was available to provide a demonstrated

score.
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4. Discussion of Scores

While efforts were made to be as discriminating as possible in assigning individual scores,

it is important to note that the scoring is semi-quantitative. Therefore, the presence of a dight
difference between final scores for any two systems does not indicate that one system is clearly
superior to the other. When further examining the results of the panel analysis, it is reasonable to
group the systems by the two main proposed technologies: (1) Fourier transform infrared (FTIR)
technology and (2) gas chromatography (GC) used in conjunction with specialized detectors such
asion mobility spectrometry (IMS) or mass spectrometry (MS). Results of this panel analysis did
not suggest that any one particular technology is best suited for application on board the ISS. It is
worth noting that the top two scores presented in Table 3 (tie scores of 91.5 by the European Space
Technology Center (ESTEC) and Smiths Detection) were assigned to two proposed systems based
on very different analytical methodologies. Among proposed systems there clearly were trade-offs
between size, complexity, performance, and cost. Accordingly, a more specific discussion of the
strengths and weaknesses of each proposed system is provided below, followed by a general
comparison of the proposed systems as grouped by analytical technologies.

4.1 Individual System Summaries (presented in order by score)
4.1.1ESTEC

The ESTEC system, which uses FTIR technology within its ANITA (analyzing interferom

eter for ambient air) monitoring device, is composed of commercially available parts but was
specifically engineered to make it compatible with spacecraft requirements. Accordingly, one

of ESTEC’ s biggest strengths was the ability to clearly demonstrate system performance. This
strength helped ESTEC across al five performance parameters. ESTEC scored high on “instru-
ment maintainability,” owing to the limited consumables, and infrequent maintenance and cali-
bration requirements. High marks were also given for “system characteristics,” despite concerns
about the potential complexity of operating an FTIR on orbit. Demonstrated accuracy and precision
also resulted in a high score for “compounds,” even given ESTEC' s inability to sufficiently detect
formal dehyde and benzene. Pandlists' concern about excess mass, volume, and power requirements
resulted in alow score for “instrument characteristics.” There was aso some concern about how
well an FTIR would perform in a highly contaminated environment (i.e., background interferences
by coexisting gaseous species), especialy after an emergency event such as afire. Compensation
for these concerns may be achieved through instrument calibration, filtering, and self-regulation,
however. Additionally, there were questions about how well the system would address unknown
compounds (additional targeted calibration models may be used to help dea with these con
cerns) and whether adeguate quantification at the low end of the range could be achieved
without limiting the range of compounds that can be detected.

4.1.2 Smiths Detection

The Smiths Detection system features dual GC columns, each connected to IMS and thermal
conductivity detectors (TCDs). Panelists ranked the system highly on “instrument characteristics”
based on considerations of mass, volume, and power requirements. The Smiths Detection system
also was considered well suited to the spacecraft environment and was the highest ranked vendor
for this parameter, which included considerations for performance in a contaminated atmosphere.
The system was ranked almost as high as the ESTEC FTIR for the “compounds’ parameter (des-
pite potential difficulties in detecting vinyl chloride, formaldehyde, and perfluoropropane with
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the IMS), and it benefited from being able to detect siloxanes while many other vendors could
not. Panelists were also impressed with the overall redundancy of the system. A relatively low
score for demonstrated system accuracy was due to a potential analytical gap between the IMS
and TCD detection ranges. Precision was also questioned, especially at the edges of the range.

4.1.3 JPL -Chutjian

JPL-Chutjian’s proposed system, a miniaturized GC with a Paul lon Trap MS, also received
high scores. As it seemed to have clearly addressed spacecraft limitations for mass, power, vol-
ume, and other factors, panelists scored this system highest among the vendors with respect to
“instrument characteristics.” Although the system was expected to have problems detecting am
monia and formaldehyde, the same is true of most of the systems reviewed. Panelists felt that the
JPL-Chutjian system would have less cross- mass interferences than the other GC/MS systems
they evaluated. A low score in “system characteristics” was due to concerns about the potential
impacts resulting from the use of helium and benzene, toluene, ethyl benzene, and xylene (BTEX)
in the spacecraft environment as well as the resource consumption needs for system operation.
Concerns were a so expressed about reliability issues with the turbo molecular pump (e.g., po-
tential overheating). The potential for overloading the trap was a so recognized as a limitation
that will be found in most MS systems.

4.1.4 JPL -Houseman

JPL-Houseman also proposed a miniaturized GC/MS, but with a Faraday cup detector array

and a charge-coupled device as detectors. This system had many of the strengths and weaknesses
typica of aGC/MS system. It was given relatively high scores for the “compounds” parameter. This
system received lower scores for “instrument characteristics,” largely because of its higher mass
and volume requirements. Panelists also felt that system maturity (particularly the detector config-
uration) was an unaddressed concern. The panel recognized the possibility of saving on carrier
gas needs by operating the GC only when the mass spectrum indicates a change from baseline

as aproposed area of promise.

4.1.5 Star Instruments Inc.

Star Instruments proposed a dual GC system that currently is applied in conjunction with a flame
ionization detector (FID). Panelists generally felt that Star demonstrated good depth of knowledge
about the unigueness of monitoring in a space environment. The proposed system received a rel-
atively high score in terms of “operation in spacecraft environment,” as panelists felt the small
pre-concentrator would allow for reasonable cleanup in the event the spacecraft environment was
highly contaminated. There was some concern expressed, however, regarding pressure differences
and their effect on the detectors, especialy the ability of the system to be effectively calibrated
for compounds of interest (the differential pressure sensors of the microFAST GC may help to
minimize these effects). The dual GC system was viewed as one of the most robust GC systems
presented to the panel, and scored well on demonstrated “instrument characteristics.” Moderate
scores were given for “system characteristics’ because of some lack of demonstrated system ma-
turity, the relative complexity of the system, and possible ISS incompatibilities with the proposed
use of argon in one detector (although other detector options are available). There was also con
cern expressed by panelists about what changes to the system (e.g., detector selection, power
requirements) would be necessary to enable it to adequately quantify target compounds. For
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example, an FID cannot be used on the ISS, so successful use of an aternate detector would
need to be demonstrated. Also, concern affected the “ demonstrated” accuracy and precision
scores, which resulted in alow parameter score. Scoring for “instrument maintainability” was
also dightly lower given unknowns associated with instrument calibration and maintenance
intervals, although the GC instrument design may help to mitigate concerns.

4.1.6 Boeing

At the request of Boeing, no description or discussion of its proposed system is being included in
this report.

4.1.7 Bruker Daltonics

Bruker Daltonics proposed a somewhat novel system, which used GDA, metal oxide and
electrochemical sensors, photo ionization detector (PID), and IMS following GC separation.

The proposed system scored very high on the “instrument characteristics” parameter, owing to
its excellent mass, power, and volume requirements. However, there were significant concerns
regarding the analytical capabilities of the system, especially in a highly contaminated spacecraft
environment. The perception of this system was that it would perform well as an “alarm technol-
ogy,” but it would have difficulty accurately identifying and quantifying many target compounds
for the ISS. Unknowns would present another problem for this system, although the variety of
proposed detectors may improve capabilities. Considering that accuracy and precision were also
not demonstrated, the Bruker system received relatively low scores for the “compounds’ param
eter. While panelists agreed many aspects of the system had technical merit, the majority opinion
was that it lacked maturity. Consideration for overall system complexity and the potentia for
maintenance difficulties (e.g., due to multiple filters, windows, membranes) also reduced scores.
Some panelists commented that it appeared that a substantial amount of data from the IMS was
not being used in the proposed system, while other panelists expressed concern about how well
the proposed trap and column would handle reactive air contaminants (e.g., aldehydes).

4.1.8 Space Dynamics

Uniquely among the presenters, Space Dynamics proposed a dual GC system (using photo
thermal detectors), combined with a miniaturized FTIR real-time process monitor module. In
reviewing this system, pandlists felt uncomfortable providing quantitative “demonstrated” scores
because the system as a whole is not devel oped to the point at which it can demonstrate perform:
ance. They therefore evaluated apparent strengths and weaknesses and provided scores based on
system potential. Given the complexity of the system (close to 10 modules), there are questions
as to whether afinal combined system could meet 1SS mass, power, and volume requirements.
Although the vendor attempted to provide some quantitation ranges for the FTIR, overall system
performance could not be assessed. While panelists could appreciate many of the strengths of
this type of system design, this appreciation was mitigated by a number of questions about
overal system performance (e.g., performance of the photo thermal detector system) that

are unlikely to be addressed until the integrated system and software are fully devel oped.
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4.1.9 Ol-Analytical

Ol-Analytical proposed adua GC system that would take advantage of multiple columns

and detectors in monitoring the I SS atmosphere. The panel, in an approach similar to that taken
with the Space Dynamics proposal, decided that it was best to score the Ol-Analytical system
based on “potential” rather than “demonstrated” performance. The panel came to this conclusion
partially because only FID performance was used to assess system capabilities, and this detector
cannot be used on board ISS. Overall, the panel liked the redundancy built into the proposed
system, and panel members gave the system high scores for the potential to adequately monitor
Category 1, 2, and 3 compounds. The possibility of being able to characterize difficult com
pounds such as formal dehyde and ammonia was a positive aspect of the proposed system,
although there was some concern about how well the system would perform with unknowns
and/or in a highly contaminated spacecraft environment. Panelists felt that the complexity of
the system might lead to frequent calibration or maintenance intervals as well. Additional
guestions raised by panelists included the potential power requirements and the system’s
guantitation range for some compounds.

4.1.10 Microsensor Systems

The Microsensor Systems proposal focused on the use of largely commercial off- the-

shelf (COTS) technologies. The company proposed a combination of systems, including a
miniaturized handheld GC and electrochemical sensor, in responding to the RFI. After reviewing
the submittal, panelists determined that it would not be appropriate to score the Microsensor
System proposal. Because representatives from Microsensor Systems did not attend the panel
meeting or provide a presentation, it was impossible for the panelists to seek clarification on
critical issues. Overall, the panelists did not view the proposal as a comprehensive solution to
the problem at hand. Panelists suggested that it may not be feasible to use cabin air as a carrier
gas for the GC, and cautioned that the system would likely have trouble with light gases, high
molecular weight compounds, and unknowns in the ISS atmosphere. The inability to question
technical representatives from Microsensor Systems regarding column and detector selection,
integration of the system, and achievable detection limits made scoring difficult. In summary,
pandlists had numerous questions and, based upon the available information, the proposed system
did not seem to offer significant improvement over the existing VOA. This instrument falsin the
“electronic nose” category; and it appears at this time that it (and others like it) would not be able
to meet the stringent requirements set out in the RFI. However, it does offer the advantages of
much smaller size and power requirements, and much lower cost than any of the other
instruments.

4.2 Summary/Comparison of FTIR Techniques

Two RFI submissions — ESTEC and Space Dynamics — focused on the use of FTIR technology.
Although the ESTEC unit is composed of commercially available parts (90% COTS, it was spe-
cifically built for detection of targeted VOCs in the spacecraft environment. High scores for this
unit are reflected primarily in the areas of operations, instrument characteristics (analysis time,
analytical cycle time), system characteristics (maturity, resources), compounds (accuracy, preci-
sion), and instrument maintainability. Areas of concern for this technology are the mass, volume,
and power requirements of the instrument as well as its complexity. FTIR relies on alaser that
has a lifetime of 3-5 years that would not alow in-flight replacement should a failure occur. The
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panel was also concerned that calibration and alignment of the moving mirror may be compro-
mised after launch, and that certain compounds (i.e., siloxanes) might affect FTIR components.
Detection and quantification of formaldehyde will be an issue for this system as well as for the
GC systems that will be discussed later. The ratings for the FTIR-GC unit proposed by Space
Dynamics are based on a concept potential only as demonstrated capabilities were not available.
This unit was scored similarly in many of the same areas (potential only) as the ESTEC unit, but
major concerns were raised about the complexity of this system, which may have as many as 10
different integrated modules.

4.3 Summary/Comparison of GC/MS1MS Techniques

In the area of operations in a spacecraft environment (temperature, pressure, humidity), all of

the systems were rated similarly (3—4) with the exception of a potentia pressure issue with Star’s
proposed system. The ability of any of the proposed systems to perform in a highly contaminated
environment is an issue that has scores spanning the range in the “demonstrated” (1-3) and
“potential” (2.5-4) columns. Star scored the highest in this category as its system makes use

of small, independent traps (sorbent tubes) that serve as a sampler and a barrier that protect

the instrument. A contaminated trap can be replaced from supply if it cannot be cleaned.

Most of the proposed systems had difficulty in identifying and quantifying formaldehyde and
ammonia, which reduced their “instrument characteristics’ score (demonstrated 2—3). With only
one exception (Smiths 3.5), al systems exceeded requirements for analysis time and analytical
cycle time in both demonstrated and potential categories. On most accounts each of the systems
either met or exceeded (3—4) mass, volume, and power requirements in their demonstrated sys-
tems with the exception of Boeing's system, which is significantly larger and draws more
power than the other systems.

System characteristics are concerned with system maturity and complexity, resources, and
environmental impact. Fairly mature systems and software packages were noted in several of the
systems (Star, JPL/Chutjian, Boeing, Smiths). For Star, JPL/Chutjian, and Boeing, additional
software may be needed depending on their selection of detectors. All systems will require a
carrier gas (e.g., nitrogen (N2),helium). In addition Star may need to use argon for its plasma
detector, and discussions surrounding a system rupture concluded that rel eases of argon would
not harm the crew or impact the physical plan of the ISS. JPL/Chutjian suggested a plan to use
BTEX to calibrate the spectral range. BTEX is comprised of benzene and other potentially haz
ardous compounds that may pose an environmental issue if leaked. Across the board the level
of complexity of al proposed systems scored in the 2—3 range (seven to three modules), with
the exception of the potential system offered by Ol Analytical, which was rated at 1.5.

All proposed and demonstrated technol ogies received scores of 2.5-3 (Smiths was the only

3) intheir ability to detect 90% of Category 1 compounds with slight increases in score when
considering their potential capabilities, with the exception of Boeing and Ol Analytical, which
both show more potential to exceed requirements in this area. Ability to detect 80% of Category
2 and 3 compounds was met by all demonstrated technologies with the exception of Bruker Dal-
tonics and Ol Analytical (“potential” score only). The requirement to specify 90% of Category 1
compounds was demonstrated by only two entities (JPL/Houseman and Smiths Detection), and
the ability to meet the requirement of specifying 80% of Category 2 and 3 compounds was met
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and demonstrated by JPL/Houseman, Boeing, and Smiths Detection. Ratings for accuracy (six
months) and precision (in excess of one month operation) for all systems meet or exceed require-
ments with the exception of Bruker Daltonics, which scored 2 and 1 respectively in these areas.

The instrument maintainability section is concerned with calibration and maintenance inter-
vals, orbital replaceable units (ORUSs), and supplies. The only demonstrated system to meet

the requirement of a six-month calibration interval was Smiths Detection, followed by a Boeing
system that may have potentia to meet the requirement. All systems with the exception of Star
met the requirements for instrument maintenance (minor — every six months, magjor > one year).
Potential el ectronics- maintenance issues are anticipated with the Star system. All systems meet
the requirements for ORUs and supplies of < 5 kg every six months.

5. Conclusions

It is difficult for any single monitoring system to excel in al of the five parameter areas
specified by NASA (operation in a spacecraft environment, instrument characteristics, system
characteristics, compounds, and instrument maintainability). Given the range of compounds
potentially present in the spacecraft environment, required detection limits, the remoteness of
monitoring, and limitations on system design and support, air monitoring in the I SS environment
is extremely challenging. As might be expected, trade-offs with each proposed system were
apparent. For example, the downside of a proposed system that is capable of monitoring the
broadest range of specified compounds may be excessive mass and power requirements, or
concerns about system complexity and maintenance. Each system has individual strengths
and weaknesses that must be critically evaluated in decisionmaking regarding the next
generation of 1SS air monitoring.

- The reactive mixture of many compounds on the NASA priority lists, aong with the very
low detection limits required for other compounds, posed severe challenges for most of the
systems. This conclusion generally held across all proposed technol ogies, although some sys-
tems did perform better than othersin terms of achieving required detection limits. Most
systems seemed to be better able to meet NASA requirements for Category 2 and 3 comt
pounds, largely due to difficulties experienced in analyzing ammonia and formaldehyde
(Category 1 compounds).

A wide variety of detectors and technologies was proposed in response to the NASA

RFI. While some analytical techniques had critical weaknesses that might limit their ability to
provide a comprehensive solution, it should be roted that no specific technology was identi-
fied as clearly superior for ISS purposes. In fact, the two highest scoring systems employed
very different analytical technologies, with the ESTEC FTIR and the GC/IMS system propos-
ed by Smiths Detection both offering particular advantages/disadvantages. This observation
Ispositive, in that it does not appear that a “single path” exists that might limit technologies
that can be used in designing the next generation of ISS air monitoring systems. Given un-
certainty in system performance and capability, it may be prudent for NASA to pursue at

least two separate technologies in the first phase of testing for any VOA replacement.
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Since final scoring was based only on “demonstrated” parameter scores, one of the disting-
uishing factors among proposed systems was the ability of the presenter to actually demonstrate
that a system can achieve NASA requirements. Some proposed systems were yet immature or
ague on details; these lacked real data on required compounds or the structural and functional
demands of the system. Although the panel provided “potential” scores in most cases, thereis
much more uncertainty with these scores given the technical assumptions that had to be made
by the scoring pandl. It is important to note, however, that some of these proposed systems
may be promising in the long term, even though a lack of demonstrated performance hurt
them in this scoring.

System design that evinces an appreciation for the difficulties of monitoring in a space
environment was another distinguishing factor. Some presenters clearly understood the
challenges of the ISS and integrated those considerations in their system design. However,
some incorporated system elements (e.g., excessive power requirements) did not anticipate the
practical demands of monitoring on board the ISS. Generally, the most successful vendors
were those that had previoudy focused years of effort on the monitoring of spacecraft air
contaminants. The experience of these vendors was evident, as they tended to have actua

data and provided the most realistic assessments of how their systems would perform in

the spacecraft environment.

Recognizing the benefits of drawing from individual strengths, panelists envision that

the next generation of air monitoring on board 1SS might include a synthesis of several of the
proposed systems. Regardless of the final combined score, the panel found areas of technical
ingenuity in each of the presentations, with some of the systems complementing each other es
pecialy well in terms of off-setting strengths and weaknesses. This type of system integration
may ultimately best address the challenges facing NASA in improving |SS air monitoring
capabilities.
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Appendix: Individual Technology Assessment Metric Scoring Sheets
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Technology Assessment Metric for ESTEC
Air Quality Panel: 1SS Environmental Monitoring
Request for Information

Requirements Scale (except wher e noted)

0 — requirement not met

1 - regquirement not met, but meets 25-50% of
reguirement

2 — requirement not met, but meetsin excess of 50%
of requirement

3 — requirement met

4 — requirement exceeded

Parameter 1: Operation in Spacecraft Environment
Weighting factor = 1

. Mission Score (04 Score (04
Attribute Requirement System Performance Demonétrat()ad Poterftial )
Temperature 65-85°F (18-29°C) 4 4
Pressure 10.2-15.0 psia 4 4
Humidity 5-95% R.H. 4 4
CMOIrggﬁira\gty Absolute Requirement * *
? Ground-based support needed in
the event of unexpected compounds
Ability to perform or updated calibrations
in highly contami- ? Questions about ability to identify 2 3
nated atmospheres unforeseen compounds
? Questions about how to filter dirty
atmosphere
Total Score
Parameter Score 14 15
*No score given for absolute requirement.
Parameter 2: Instrument Characteristics
Weighting factor = 1
. Mission Score (04 Score (04
Attribute Reguirement System Performance Demonétratl:d Potergtial :
? Not tested at low end of
uantitation concentration range
?ange 0.01-10 ppm ? Potential score ba%ed on use of 2 8
cooled detector
Analysistime <1hr 4 4
ﬁrrg]zlytlcal cycle <15hr 4 4
M ass 22 kg Concern about heaviness of ANITA 2 3
Volume 1.2 ft° (0.034 nt) 15 2
Power <100 W/150 W peak 2 4
Total Score 15.5 20
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Parameter 3: System Characteristics
Weighting factor = 1

. Mission Score (04 Score (04

Attribute Requirement System Performance Demonétratzed Poterstial :
Maturity (WF=2) [ > 75% COTS Always a model issue 3.5* 3.5*
Resources (WF=1) | 1+ power & data 4r* 4**
Environmental Contaminants not gra gra
impact (WF =1) released to atmosp.
Complexity < 5 modules (heat-
(WF =2) ers, GCs, dete_ctors, 2.5%x** 2.5 x**

etc., pneumatics)

Total Score 13 13

*Maturity: 100% COTS = 4, 75% COTS = 3, 50% COTS = 2, 25% COTS =1, < 25% COTS=0

**Resources. 0 resources = 4, 1 resource = 3, 2 resources = 2, > 2 resources = 0, exotic resource (i.e., LN ) = disqualified
***Env.: No products released = 3, products released/not harmful = 2, released products harmful to crew/systems=0
****Complexity: <3 modules= 4, <5 modules = 3, < 8 modules = 2, < 10 modules = 1, > 10 modules= 0

Parameter 4: Compounds
Weighting factor = 2

. Mission Score (04 Score (04
Attribute Requirement System Performance Demonétratzed Poterftial :
% Detectable
Cat 1 compounds | 90% 2.5 3
at specified limit
% Detectable Cat 2
and 3 compounds 80% 3 3
at specified limit
Specificity in space- | 90% of Category 1 25 3
craft atmosphere compound list '
Specificity in space- | 80% of Category 2
: 2.5 3

craft atmosphere compound list
Accuracy (6 mo.) + 30-50% 4 4
Precision (over
1 mo. operation) +20% 4 4
Total Score 18.5 20
Parameter 5: Instrument Maintainability
Weighting factor = 1

. Mission Score (0-4) Score (0-4)

Attribute Requirement System Performance Demonstrated Potential

Calibration
interval (Qquanti- 6 mo. 4 4
tative purposes)
Maintenance
interval: minor - Every 6 mo. 4 4
major >1yr
ORUsand Every 6 mo. 4+ 4
supplies <5kg
Total Score 12 12

*ORU/supplies: >6 mo./<3kg=4,6mo./<5kg=3,6mo./>5kg=2,<6mo./<5kg=1<6mo/>5kg=0




Technology Assessment Metric for Smiths Detection
Air Quality Panel: 1SS Environmental Monitoring

Request for Information

Requirements Scale (except wher e noted)

0 — requirement not met

1 — requirement not met, but meets 25-50% of
reguirement

2 —requirement not met, but meetsin excess of 50%

of requirement

3 — requirement met

4 — requirement exceeded

Parameter 1: Operation in Spacecraft Environment

Weighting factor = 1

. Mission Score (0-4) Score (0-4)
Attribute Reguirement System Performance Demonstrated Potential
Temperature 65-85°F (18-29°C) 4 4
Pressure 10.2-15.0 psia 4 4
Humidity 5-95% R.H. 4 4
Microgravity . . *
compatible Absolute Requirement
Ability toperform Lo
in highly contam- Resotion limits compound 3 3
inated atmospheres
Total Score 15 15
*No score given for absol ute requirement.
Parameter 2: Instrument Characteristics
Weighting factor = 1
. Mission Score (0-4) Score (0-4)
Attribute Reguirement System Performance Demonstrated Potential
Quantitation B Concern about a gap
range 0.01-10 ppm between IMSand TCD 2 8
Analysistime <lhr 3.5 4
Analytlcal cycle <15hr 4 4
time
M ass 22 kg 3 4
Volume 1.2t° (0.034 n7) 3 4
Question remains about
Power <100W/150 W peak peak power level 35 4
Total Score 19 23
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Parameter 3: System Characteristics

Weighting factor = 1

. Mission Score (04 Score (04
Attribute Requirement System Performance Demonétratzed Poterstial :
Maturity (WF = 2) | > 75% COTS 3* 4*
Resources (WF =1) | 1+ power & data N, for the GC 3** 3r*
Environmental Contaminants not gra grr
impact (WF =1) released to atmosp.
Complexity < 5 modules (heat-
(WF =2) ers, GCs, dete_ctors, 2.5%x** 2.5%x**
etc., pneumatics)
Total Score 115 12.5
*Maturity: 100% COTS =4, 75% COTS = 3, 50% COTS = 2, 25% COTS =1, < 25% COTS=0
**Resources: 0 resources = 4, 1 resource = 3, 2 resources = 2, > 2 resources = 0, exotic resource (i.e,, LN,) = disqudlified
***Env.: No products released = 3, products releasedinot harmful = 2, released products harmful to crew/systems=0
**xx Complexity: < 3 modules =4, <5 modules =3, < 8 modules = 2, < 10 modules = 1, > 10 modules = 0
Parameter 4: Compounds
Weighting factor = 2
. Mission Score (04 Score (04
Attribute Requirement System Performance Demonétratzed Poterftial :
0,
é)a?letfg:r?p?(l)inds 0% Ammoniggnd formaldehyde 3 3
at specified limit not quantified
% Detectable Cat 2
and 3 compoundsat | 80% Can see siloxanes 35 35
specified limit
Specificity in space- | 90% of Category 1 | Bypass function would help 3 3
craft atmosphere compound list GC issues
Specificity in space- | 80% of Category 2
: 35 35
craft atmosphere compound list
Potential for between
Accuracy (6 mo) | +30-50% MSad oo T 25 35
Precision (over Potential problemsat end of
1 mo. oper(ation) +20% range i 3 4
Total Score 185 20.5
Parameter 5: Instrument Maintainability
Weighting factor = 1
. Mission Score (04 Score (04
Attribute Requirement System Performance Demons(:trat)ed Poten(tial :
Calibration
interval (Quanti- 6 mo. 3 35
tative purposes)
M aintenance 3 3
interval: minor Every 6 mo.
maj or >1yr
ORUsand Every 6 mo. 4+ 4+
supplies <5kg
Total Score 10 10.5

*ORU/supplies: >6 mo./<3kg=4,6 mo./<5kg=3,6mo./>5kg=2,<6mo./<5kg=1,<6mo./>5kg=0




Technology Assessment Metric for JPL-Chutjian
Air Quality Panel: 1SS Environmental Monitoring
Request for Information

Requirements Scale (except wher e noted)

0 — requirement not met

1 —requirement not met, but meets 25 -50% of

reguirement

2 —requirement not met, but meetsin excess of 50%

of reguirement

3 — requirement met

4 — requirement exceeded

Parameter 1: Operation in Spacecraft Environment

Weighting factor = 1

. Mission Score (0-4) Score (0-4)
Attribute Requirement System Performance Demonstrated Potential
Temper ature 65-85°F (18'29° C) slj)r:;ern about heat from turbo 3 3
Pressure 10.2-15.0 psia 4 4
Humidity 5-95% R.H. No problem as long as no direct 4 4
injectionto MS
Microgravity . * *
compatible Absolute Requirement
Ability to perform . .
in highly contam- Question about potential to 25 3
inated atmospher es a
Total Score 13.5 14
*No score given for absolute requirement.
Parameter 2: Instrument Characteristics
Weighting factor = 1
. Mission Score (0-4) Score (0-4)
Attribute Requirement System Performance Demonstrated Potential
Quantitation 0.01-10 ppm 3 3
range
Analysistime <1lhr 4 4
Analytlcal cycle <15hr 4 4
time
M ass 22 kg 4 4
Volume 1.2 ft* (0.034 n7) 4 4
Power <100 W/150W peak 4 4
Total Score 23 23
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Parameter 3: System Characteristics

Weighting factor = 1

. Mission Score (0-4) Score (0-4)
Attribute Requirement System Performance Demonstrated Potential
. No direct injection program
= 0, % *
Maturity (WF = 2) | > 75% COTS Questions reprocuibility w/Paul trap 25 35
Resources(WF =1) | 1+ power & data Helium, vacuum, possibly N, 2.5%* 3**
? Concerns about using BTEX to
Environmental Contaminants not calibrate spectral range ok ek
impact (WF = 1) released to atmosp. | ? Venting BTEX & hdium areissues
? Helium may affect MCA on board
Complexit < 5 modules (heat-
p_ y ers, GCs, detectors, 2.5x*x* 2.5x*x*
(WF =2) :
etc., pneumatics)
Total Score 9.5 12
*Maturity: 100% COTS = 4, 75% COTS = 3, 50% COTS = 2, 25% COTS =1, <25% COTS=0
**Resources: 0 resources = 4, 1 resource = 3, 2 resources = 2, > 2 resources = 0, exotic resource (i.e., LN ,) = disqualified
***Env.: No products released = 3, products released/not harmful = 2, released products harmful to crew/systems=0
**x* Complexity: < 3 modules=4, <5 modules =3, < 8 modules = 2, < 10 modules = 1, > 10 modules = 0
Parameter 4: Compounds
Weighting factor =2
. Mission Score (0-4) Score (0-4)
Aliribuie Requirement System Performance Demonstrated Potential
% Detectable Problems with ammonia and
Cat 1 compounds | 90% formal dehvde affect score 2.5 2.5
at specified limit Y
% Detectable Cat 2
and 3 compoundsat | 80% 35 4
specified limit
Specificity in space- | 90% of Category 1 | Mixtures may cause a problem for 25 3
craft atmosphere compound list direct inject MS devices )
Specificity in space- | 80% of Category 2 | Mixtures may cause a problem for 25 3
craft atmosphere compound list direct inject MS devices '
Likelihood of frequent calibration
Accuracy (6 mo.) +30-50% of detectors/column 3 4
Precision (over 1 . .
mo. oper ation) + 20% Questions about column stability 3 4
Total Score 17 205
Parameter 5: Instrument Maintainability
Weighting factor = 1
. Mission Score (0-4) Score (0—4)
Attribute Requirement System Performance Demonstrated Potential
Calibration oo
interval (Quanti- 6 mo. Score affect_ed by likelihood of 25 25
. frequent calibrations
tative purposes)
Maintenance
interval: minor Every 6 mo. Need for filament cleaning 3 3
maj or >1yr
ORUsand Every 6 mo. m m
supplies <5kg
Total Score 9.5 9.5

*ORU/Supplies: > 6 mo./<3kg=4,6mo./<5kg=3,6mo./>5kg=2,<6mo./<5kg=1,<6mo./>5kg=0
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Technology Assessment Metric for JPL-Houseman
Air Quality Panel: 1SS Environmental Monitoring

Request for Information

Requirements Scale (except wher e noted)

0 — requirement not met

1 — requirement not met, but meets 25-50% of

reguirement

2 —requirement not met, but meetsin excess of 50%

of reguirement

3 — requirement met

4 — requirement exceeded

Parameter 1: Operation in Spacecraft Environment

Weighting factor = 1

. Mission Score (0-4) Score (0-4)

Attribute Requirement System Performance Demonstrated Potential
Temperature 65-85°F (18-29°C) 3 3
Pressure 10.2-15.0 psia 4 4
Humidity 5-95% R.H. 4 4
M lerogr avity Absolute Requirement * *
compatible
Ability to perform .
ot e bt 2 :
nated atmospheres PHng capacty
Total Score 13 14
*No score given for absolute requirement.
Parameter 2: Instrument Characteristics
Weighting factor = 1

. Mission Score (0-4) Score (0-4)

Attribute Requirement System Performance Demonstrated Potential
?alg;t'ta“on 0.01-10 ppm Some dependency on GC separation 2 3
Analysistime <lhr 4 4
Analytical cycle
time <15hr 4 4
Mass 22 kg 3 4
Volume 1.2 ft°(0.034 n?) 2 3
Power <100 W/150 W peak 4 4
Total Score 19 22
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Parameter 3: System Characteristics
Weighting factor = 1

. Mission Scor e (04 Score (04

Attribute Requirement System Performance Demons(tratzed Poterftial :
Maturity (WF =2) | > 75% COTS Need to get to higher mass range 2* 3*
Resources(WF=1) | 1+ power & data 3r* 3r*
Environmental Contaminants not gra grr
impact (WF =1) released to atmosp.
COmpleX'ty - 5 mOdUIeS (heat- %k kK * k k k
(WF =2) ers, GCs, detgctors, Turbo pumps, power supply 3 3

etc., pneumatics)

Total Score 11 12

*Maturity: 100% COTS = 4, 75% COTS = 3, 50% COTS = 2, 25% COTS =1, < 25% COTS=0

**Resources: 0 resources = 4, 1 resource = 3, 2 resources = 2, > 2 resources = 0, exotic resource (i.e., LN,) = disqualified
***Env.: No products released = 3, products released/not harmful = 2, released products harmful to crew/systems=0
**** Complexity: < 3 modules =4, <5 modules = 3, < 8 modules = 2, <10 modules =1, > 10 modules=0

Parameter 4: Compounds
Weighting factor = 2

. Mission Score (0-4) Score (0-4)
Attribute Requirement System Performance Demonstrated Potential
% Detectable
Cat 1 compounds | 90% 2.5 3
at specified limit
% Detectable Cat 2
and 3 compounds | 80% 3 3

at specified limit

Specificity in space- | 90% of Category 1

craft atmosphere compound list 3 3
Specificity in space- | 80% of Category 2
craft atmosphere compound list 3 3
Accuracy (6 mo.) + 30-50% Needs stable column 3 4
Precision (over
1 mo. operation) +20% 3 4
Total Score 17.5 20
Parameter 5: Instrument Maintainability
Weighting factor = 1
. Mission Score (0-4) Score (0-4)
Attribute Requirement System Performance Demonstrated Potential
Calibration There is some expectation of
interval (Quanti- 6 mo. . 25 25
. system drift
tative purposes)
Mai ntenance Dual filament, ion source
interval: minor Every 6 mo. ; § 3 3
. cleaning requirements
maj or >1yr
ORUsand Every 6 mo. Need for calibration gases and 3 35*
Supplies <5kg possible pump
Total Score 8.5 9

*ORU/Supplies. > 6 mo./<3kg=4,6 mo./<5kg=3,6mo./>5kg=2,<6mo./<5kg=1,<6mo./>5kg=0




Technology Assessment Metric for Star Instruments
Air Quality Panel: 1SS Environmental Monitoring

Request for Information

Requirements Scale (except wher e noted)

0 — requirement not met

1 - regquirement not met, but meets 25-50% of

requirement

2 —requirement not met, but meetsin excess of 50%

of requirement

3 — requirement met

4 — requirement exceeded

Parameter 1: Operation in Spacecraft Environment

Weighting factor = 1

. Mission Score (0-4) Score (0-4)
Attribute Reguirement System Performance Demonstrated Potential
Temperature 65-85°F (18-29°C) 4 4
Pressure 10.2-15.0 psia PID may require different calibrations 2.5 35
Humidity 5-95% R.H. 4 4
M Icrogr avity Absolute Requirement * *
compatible
Ability to perform .
in highly contami - ;Engl]]a!t;adp Ios|r?tn advantagefrom a 3 4
nated atmospheres P P
Total Score 13.5 155
*No score given for absolute requirement.
Parameter 2: Instrument Characteristics
Weighting factor = 1
. Mission Score (0-4) Score (0-4)
Attribute Requirement System Performance Demonstrated Potential
Quantitation Strongly dependent on detectors, and
range 0.01-10 ppm no datawere shown 2 4
Analysistime <lhr 4 4
Analytical cycle
time <15hr 4 4
Mass 22 kg 4 4
Volume 1.2t° (0.034 nt) 3 4
The needed addition of detectorswill
Power < 100W/I50W pesk also add power consumption 3 4
Total Score 20 24
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Parameter 3: System Characteristics

Weighting factor = 1

. Mission Score (0-4) Score (0-4)
Attribute Requirement System Performance Demonstrated Potential
Maturity (WE = 2) | > 75% COTS Question about what detector will be 0 5 p
chosen
_ N and argon possibly needed for - e
Resources(WF =1) | 1+ power & data plasma detector 2.5 3
Environmental Contaminants not | Possible release and accumul ation of 0 Brkk grr
impact (WF =1) released to atmosp. | argon '
Complexit < 5 modules (heat-
(WF p_2) y ers, GCs, detectors, | At least 6 modules, very complex 2.5%*** 2.5%x**
B etc., pneumatics)
Total Score 10 125
*Maturity: 100% COTS = 4, 75% COTS = 3, 50% COTS = 2, 25% COTS =1, < 25% COTS=0
**Resources. 0 resources = 4, 1 resource = 3, 2 resources = 2, > 2 resources = 0, exotic resource (i.e., LN,) = disqualified
***Env.: No products released = 3, products released/not harmful = 2, released products harmful to crew/systems =0
**** Complexity: <3 modules=4, <5 modules= 3, < 8 modules= 2, < 10 modules = 1, > 10 modules= 0
Parameter 4: Compounds
Weighting factor = 2
. Mission Score (0—4) Score (0-4)
Attribute Requirement System Performance Demonstrated Potential
% Detectable
Cat 1 compounds | 90% g’neé’ter”ds on selected detectors 25 3
at specified limit aps
% Detectable Cat 2
and 3 compounds | 80% 3 35
at specified limit
Specificity in space- | 90% of Category 1 | Mixture concerns 25 35
craft atmosphere compound list ) ]
Specificity in space- | 80% of Category 2 | Mixture concerns o5 35
craft atmosphere compound list ) )
Accuracy (6 mo.) | +30-50% 3 4
Trﬁ(c:;.goopner(g\t/i%r n) + 20% Will depend on calibration gases 3 4
Total Score 16.5 215
Parameter 5: Instrument Maintainability
Weighting factor = 1
. Mission Score (0-4) Score (0-4)
Attribute Requirement System Performance Demonstrated Potential
Calibration .
interval (Quanti- 6 mo. B?ES'Dbly frequent because of the 25 2.5
tative purposes)
Maintenance o .
interval: minor Every 6 mo. P0$' bility of DIDD electrode 25 3
major >1yr maintenance
guigﬁ;nd E\ge% 6 mo. Need for calibration gases 3* 4*
Total Score 8 9.5

*ORU/Supplies: > 6 mo./<3kg=4,6mo./<5kg=3,6mo./>5kg=2,<6mo./<5kg=1,<6mo./>5kg=0
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Technology Assessment Metric for Boeing
Air Quality Panel: 1SS Environmental Monitoring
Request for Information

Requirements Scale (except wher e noted)

0 — requirement not met

1 — requirement not met, but meets 25-50% of

reguirement

2 —requirement not met, but meetsin excess of 50%

of reguirement

3 — requirement met

4 — requirement exceeded

Parameter 1: Operation in Spacecraft Environment

Weighting factor = 1

. Mission Score (0-4) Score (0-4)

Attribute Requirement System Performance Demonstrated Potential
Temperature 65-85°F (18-29°C) 3 3
Pressure 10.2-15.0 psia 4 4
Humidity 5-95% R.H. 4 4
MlcrograV|ty Absolute Requirement * *
compatible
Ability to perform
in highly contami- 2.5 3
nated atmospheres
Total Score 13.5 14
*No score given for absolute requirement.
Parameter 2: Instrument Characteristics
Weighting factor = 1

. Mission Score (0-4) Score (0-4)

Attribute Requirement System Performance Demonstrated Potential
Quantitation
range 0.01-10 ppm 3 35
Analysistime <lhr 4 4
Analytical cycle
time <15hr 4 4
Mass 22 kg 2 35
Volume 1.2 ft°(0.034 n?) 1.5 3
Power <100 W/150 W peak 1 3
Total Score 155 21
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Parameter 3: System Characteristics
Weighting factor = 1

. Mission Score (04 Score (04

Attribute Requirement System Performance Demonétratzed Poterftial :

Maturity (WF = 2) | > 75% COTS Will depend on what is actually 2.5% 3*
selected

Resources(WF=1) | 1+ power & data 2.5%* 3**
:Eg;)/;(gn(r\?vegtfll) S;(IJS;:ren(; ?snaﬁ:;; Questions about calibration gases ikl ikl
Complexity <5 modules (heat-

~ ers, GCs, detectors, 2.5x**x 2.5x%*xx
(WF =2) .

etc., pneumatics)

Total Score 10.5 115

*Maturity: 100% COTS = 4, 75% COTS = 3, 50% COTS = 2, 25% COTS =1, < 25% COTS=0

**Resources: 0 resources = 4, 1 resource = 3, 2 resources = 2, > 2 resources = 0, exotic resource (i.e., LN,) = disqualified
***Env.: No products released = 3, products released/not harmful = 2, released products harmful to crew/systems =0
**** Complexity: < 3 modules=4, <5 modules =3, < 8 modules = 2, < 10 modules =1, > 10 modules= 0

Parameter 4: Compounds
Weighting factor = 2

. Mission Score (0-4) Score (0-4)
Attribute Reguirement System Performance Demonstrated Potential
% Detectable
Cat 1 compounds | 90% 2.5 35

at specified limit

% Detectable Cat 2
and 3 compounds 80% 35 4
at specified limit

Specificity in space- | 90% of Category 1

craft atmosphere compound list 2:5 35
Specificity in space- | 80% of Category 2 3 4

craft atmosphere compound list

Accuracy (6 mo.) + 30-50% 3 4

Precision (over

1 mo. oper(ation) +20% 3 3

Total Score 175 2

Parameter 5: Instrument Maintainability
Weighting factor = 1

. Mission Score (04 Score (04

Attribute Requirement System Performance Demonétratzed Poterstial :
Calibration
interval (Qquanti- 6 mo. Possibility of frequent calibration 25 3
tative purposes)
Maintenance
interval: minor Every 6 mo. 3 3
maj or >1yr.
ORUsand Every 6 mo.
Supplies <5kg ¥ ¥
Total Score 8.5 9

*ORU/Supplies: > 6 mo./<3kg=4,6mo./<5kg=3,6mo./>5kg=2,<6mo./<5kg=1,<6mo./>5kg=0
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Technology Assessment Metric for Bruker
Air Quality Panel: 1SS Environmental Monitoring

Request for Information

Requirements Scale (except wher e noted)

0 — requirement not met

1 — requirement not met, but meets 25-50% of

reguirement

2 —requirement not met, but meetsin excess of 50%

of reguirement

3 — requirement met

4 — requirement exceeded

Parameter 1: Operation in Spacecraft Environment

Weighting factor = 1

Attribute Mission System Performance Score (0-4) Score (0-4)
Requirement Demonstrated Potential
Temperature 65-85°F (18-29°C) 4 4
Pressure 10.2-15.0 psia 4 4
Humidity 5-95% R.H. ;%?ge;;‘tfgcs; eF;' Eﬁ a%t:ntl d 3 4
&Lﬁ;cgir;\gty Absolute Requirement * *
? Concern about ability to detect
unknowns, and the potential for
. confounding of results
ﬁwbrzlllgtr{ I;Ocz(ra]rtfaor;?? ? Potential score based on pos- 1 3
nated atmospheres sibility of a_(_BC-IMS inter_face
and recognition that avariety of
detectors may improve capabili-
ties to deal with unknowns
Total Score 12 15
*No score given for absol ute requirement.
Parameter 2: Instrument Characteristics
Weighting factor = 1
. Mission Score (04 Score (04
Atiribute Requirement System Performance Demonétrat)ed Potergtial :
Concern about general lack of
Quantitation sensitivity; GDA and thgvariety
range 0.01-10 ppm of detectors may help mitigate 2 3
concerns, although performance
still needs to be demonstrated
Analysistime <lhr 4 4
Analytical cycle
ialon yneal ¢y <15hr 4 4
Mass 22 kg 4 4
Volume 1.2t (0.034 n7) 3 4
Power <100 W/150 W peak 4 4
Total Score 21 23
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Parameter 3: System Characteristics

Weighting factor = 1

. Mission Score (0-4) Score (0-4)
Attribute Requirement System Performance Demonstrated Potential
Maturity (WF = 2) | > 75% COTS Custom library and training sets o 3+
needed
_ Needs both N (possible use of . .
Resources(WF=1) | 1+ power & data filtered air) and cleanup 3 3
Environmental Contaminants not gra gra
impact (WF =1) rel eased to atmosp.
Complexity < Smodules (heat- | ) o o nine modules, but still
WF =2 ers, GCs, detectors, |\ partial capabilit ze Ze
(WF=2) etc., pneumatics) yp ap Y
Total Score 10 1

*Maturity: 100% COTS = 4, 75% COTS = 3, 50% COTS = 2, 25% COTS =1, < 25% COTS=0
**Resources: 0 resources = 4, 1 resource = 3, 2 resources = 2, > 2 resources = 0, exotic resource (i.e., LN,) = disgualified
***Env.: No products released = 3, products released/not harmful = 2, released products harmful to crew/systems =0

**** Complexity: <3 modules =4, <5 modules =3, < 8 modules = 2, < 10 modules =1, > 10 modules= 0

Parameter 4: Compounds

Weighting factor = 2

. Mission Score (04 Score (04
Attribute Requirement System Performance Demons(:trat)ed Poterstial :

% Detectable
Cat 1 compounds | 90% Somewhat unknown 25 3
at specified limit
% Detectable Cat 2
and 3 compounds 80% 25 3
at specified limit
Specificity in space- | 90% of category 1 | Use N, or air 2.5 3
craft atmosphere compound list
Specificity in space- | 80% of category 2 25 3
craft atmosphere compound list

? Need demonstration

? Concern about oxide sensors,

potential for PID windows

Accuracy (6 mo.) + 30-50% degrade 2 25

? IMS membrane requires only

periodic use

Precision (over
1 mo. oper(ation) + 20% 1 2.5
Total Score 13 17
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Parameter 5: Instrument Maintainability
Weighting factor = 1

. Mission Score (04 Score (04

Attribute Requirement System Performance Demonétratzed Poterstial :
Calibration
interval (Qquanti- 6 mo. 1 2
tative purposes)
Maintenance
interval: minor Every 6 mo. 3 3
maj or >1yr
ORUsand Every 6 mo. 4+ o
Supplies <5kg
Total Score 8 9

Parameter Score

*ORU/Supplies: > 6 mo./<3kg=4,6 mo./<5kg=3,6mo./>5kg=2,<6mo./<5kg=1,<6mo./>5kg=0
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Technology Assessment Metric for Space Dynamics
Air Quality Panel: 1SS Environmental Monitoring

Request for Information

Requirements Scale (except wher e noted)

0 — requirement not met

1 — requirement not met, but meets 25-50% of

reguirement

2 —requirement not met, but meets in excess of 50%

of reguirement

3 — requirement met

4 — requirement exceeded

Parameter 1: Operation in Spacecraft Environment

Weighting factor = 1

. Mission Score (0-4) Score (0-4)

Attribute Requirement System Performance Demonstrated Potential
Temperature 65-85°F (18-29°C) 0 4
Pressure 10.2-15.0 psia 0 4

- Dryer option considered in the
Humidity 5-95% R.H. potential score 0 3
Microgravity .
compatible Absolute Requirement * *
Ability to perform
in highly contami- FTIR feedback is an issue 0 3
nated atmospheres
Total Score 0 14
*No score given for absolute requirement.
Parameter 2: Instrument Characteristics
Weighting factor = 1

. Mission Score (0—4) Score (0-4)

Attribute Requirement System Performance Demonstrated Potential
Quantitation
range 0.01-10 ppm 0 3
Analysistime <1lhr 0 4
Analytical cycle
time <15hr 0 4
M ass 22 kg 0 2.5
Volume 1.2 ft°(0.034 n?) 0 2.5
Power <100W/150W peak | Sterling cooler 0 25
Total Score 0 18.5
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Parameter 3: System Characteristics

Weighting factor =1

. Mission Score (0-4) Score (0-4)

Attribute Requirement System Performance Demonstrated Potential
Maturity (WF =2) | > 75% COTS 0* ?*
Resources(WF=1) | 1+ power & data O** 3r*
!Environmental Contaminants not O+ x grx
impact (WF =1) released to atmosp.
Complexity ;g ggiuf:tgtegs Concerns about there being Ok xx Prkn
(WF =2) etc’ pnet’Jmatics) " | closeto 10 modules
Total Score 0 ?

*Maturity: 100% COTS = 4, 75% COTS = 3, 50% COTS = 2, 25% COTS =1, < 25% COTS=0
**Resources: 0 resources = 4, 1 resource = 3, 2 resources = 2, > 2 resources = 0, exotic resource (i.e., LN,) = disqualified
***Env.: No products released = 3, products released/not harmful = 2, released products harmful to crew/systems=0

** %% Complexity: <3 modules=4, <5 modules = 3, < 8 modules = 2, < 10 modules = 1, > 10 modules= 0

Parameter 4: Compounds

Weighting factor = 2

. Mission Score (0-4) Score (0-4)
Attribute Requirement System Performance Demonstrated Potential
% Detectable
Cat 1 compounds | 90% 0 3
at specified limit
% Detectable Cat 2
and 3 compounds 80% 0 3
at specified limit
Specificity in space- | 90% of Category 1 0 3
craft atmosphere compound list
Specificity in space- | 80% of Category 2 0 3
craft atmosphere compound list
Accuracy (6 mo.) + 30-50% 0 3
Precision (over + 20% 0 3
1 mo. operation)
Total Score 0 15
Parameter 5: Instrument Maintainability
Weighting factor = 1
. Mission Score (0-4) Score (0-4)
Attribute Requirement System Performance Demonstrated Potential
icr::tilelrb\: :ltl(gﬂ anti- 6 mo. Congern about GC calibration 0 3
. requirements
tative purposes)
Maintenance
interval: minor Every 6 mo. 0 3
maj or >1yr
ORUsand Every 6 mo. o n
Supplies <5kg
Total Score 0 10

*ORU/Supplies: > 6 mo./<3kg=4,6 mo./<5kg=3,6mo./>5kg=2,<6mo./<5kg=1,<6mo./>5kg=0
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Technology Assessment Metric for Ol-Analytical
Air Quality Panel: 1SS Environmental Monitoring

Request for Information

Requirements Scale (except wher e noted)

0 — requirement not met

1 — requirement not met, but meets 25-50% of

reguirement

2 —requirement not met, but meetsin excess of 50%

of reguirement

3 — requirement met

4 — requirement exceeded

Parameter 1: Operation in Spacecraft Environment

Weighting factor = 1

. Mission Score (0-4) Score (0-4)
Attribute Reguirement System Performance Demonstrated Potential
Temperature 65-85°F (18-29°C) 0 4
Pressure 10.2-15.0 psia 0 4
Humidity 5-95% R.H. Potential for confounding 0 3
M Icrogravity Absolute Requirement * *
compatible
Ability to perform
in highly contami- 0 2.5
nated atmospheres
Total Score 0 13.5
*No score given for absolute requirement.
Parameter 2: Instrument Characteristics
Weighting factor = 1
. Mission Score (0-4) Score (0-4)
Attribute Requirement System Performance Demonstrated Potential
Quantitation Questions about size of sample, "
range 0.01-10 ppm detectors (MSD) 0 i
Analysistime <lhr 0 4
Analytical cycle
time <15hr 0 4
Turbo pump and MSD
Mass 22kg consideration affect score 0 3
Volume 1.2 ft°(0.034 n?) 0 3
Power <100 W/150W peak 0 25
Total Score 0 ?
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Parameter 3: System Characteristics

Weighting factor = 1

. Mission Score (0-4) Score (0-4)
Attribute Requirement System Performance Demonstrated Potential

Maturity (WF = 2) | > 75% COTS o* 4*
Resources(WF=1) | 1+ power & data | Vacuumand N, O** 2% *
Environmental Contaminants not Ok xx grx
impact (WF =1) released to atmosp.

. < 5 modules (heat-
Complexity ers, GCs, detectors, Ox*** 1.5%***
(WF=2) €tc., pneumatics)
Total Score 0 10.5

*Maturity: 100% COTS = 4, 75% COTS = 3, 50% COTS = 2, 25% COTS =1, < 25% COTS=0
**Resources: 0 resources = 4, 1 resource = 3, 2 resources = 2, > 2 resources = 0, exotic resource (i.e., LN,) = disquaified
***Env.: No products released = 3, products released/not harmful = 2, released products harmful to crew/systems=0

**xx Complexity: < 3 modules =4, <5 modules =3, < 8 modules = 2, < 10 modules = 1, > 10 modules = 0

Parameter 4: Compounds

Weighting factor = 2

. Mission Score (0-4) Score (0-4)
Attribute Requirement System Performance Demonstrated Potential
% Detectable .
Cat 1 compounds | 90% ?,\;IJZ%')OHS about detectors 0 35
at specified limit
% Detectable Cat 2
and 3 compounds | 80% 0 35
at specified limit
Specificity in space- | 90% of Category 1 0 35
cr aft atmosphere compound list )
Specificity in space- | 80% of Category 2 0 35
craft atmosphere compound list '
Accuracy (6 mo.) + 30-50% 0 4
Precision (over
1 mo. operation) +20% 0 4
Total Score 0 2
Parameter 5: Instrument Maintainability
Weighting factor = 1
. Mission Score (0-4) Score (0-4)
Attribute Reguirement System Performance Demonstrated Potential
Calibration - :
interval (Qquanti- 6 mo. g%s?:;nltl)tr);t?;rﬁguagst, retentions, 0 2
tative purposes)
Maintenance .
interval: minor Every 6 mo Concern about possible heater 0 2
. ' ) failures
maj or >1yr.
ORUsand Every 6 mo. o pn
Supplies <5kg
Total Score 0 8

* ORU/Supplies: > 6 mo./< 3kg=4,6 mo./<5kg=3,6mo./>5kg=2,<6mo./<5kg=1,<6mo./>5kg=0
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meet defined requirements for systems to evaluate air and water quality on board the ISS. This report summarizes the submission and
analysis of proposed solutions designed to improve the functionality of the existing volatile organic analyzer (VOA), whichis
responsible for analyzing awide range of volatile organic compounds that may be present in the Station atmosphere. Experience with
the existing ISS VOA has been varied, so NASA is using thisRFI to investigate new technol ogies that may improve on existing
capabilities.
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